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[Abstract]

In recent large-scale service environments, data pipelines are widely used to collect and transmit web
logs in real time. In this process, even when serialization methods such as Avro are applied, repetitive
values remain in the data, leading to increased network transmission costs. To address this limitation,
this study proposes HAL (Hybrid Analytics Log), a lightweight encoding method that can be integrated
into existing systems without significant structural modifications. The proposed approach replaces
frequently repeated string combinations with integer identifiers, while preserving unmatched data in its
original form to ensure lossless processing. Experimental results using Nginx access logs show that the
proposed method reduces Kafka message size by up to 16.2%, Kafka payload bandwidth by 17%, and
data ingestion time by 24.6%, without any significant degradation in total processing time or throughput.
In addition, the Parquet storage size is further reduced by 4.8% in the final storage stage. These results
demonstrate that the proposed approach effectively improves both transmission and storage efficiency

through low-cost computational operations.
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I. Introduction
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III. Proposed Framework: HAL

1. Pipeline Integration Overview
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Table 1. Combo table example (5-field)

combo_id method endpoint status protocol content_type
1 GET / 200 HTTP/2.0 text/html; charset=utf-8
2 GET /search 200 HTTP/2.0 application/json
3 GET /product 200 HTTP/2.0 application/json
4 GET /products 200 HTTP/2.0 application/json
5 GET /categories 200 HTTP/2.0 application/json
9% 9go] FUT KO WU B, oI BAIY
Raw log (JSON) 52 o HEshe T she] Ay AlEatz A|E
t}. Table 1 571 BEg Mde 29 EHo|22] og &
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2o} o lolel} Bagic) K3 Efo]o] mRE: B
© St WAL st sejuleols, Me 47} Sl
= fIE

Avro serialization

Apache Kafka

Parquet (Snappy)

Fig. 1. HAL pipeline architecture overview
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{ "schema_id": 500,

"combo_id": 4

"ts": 1766032740000,

"rt_ms": 399,

"uid": null,

"sid": "c2e4ebf6-...",

ovr": [1,

"extra_json":
"request":
"remote_addr":
"http_user_agent":

}

}

{

"GET /products HTTP/2.0",
"43.135.145.77",
"Mozilla/5.0 ..."

(a) Combo hit (combo_id = 4)

{ "schema_id": 500,

"combo_id": 0,

"ts": 1766032740000,

"rt_ms": 3002,

"uid": null,

"sid": "88a2e2aa-...",

"ovr": [
"GET", "/categories",
"499", "HTTP/2.0",
"application/json"

1.

"extra_json":
"request":
"remote_addr":
"http_user_agent":

}

{

"GET /categories HTTP/2.0",
"61.109.236.35",
'"Mozilla/5.0 ..."

: (b) Combo miss (combo_id = 0)
Fig. 2. HAL encoding examples: (a) Combo hit, (b)
Combo miss
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3. Avro Schema Design
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HAL Record {
schema_id : int
combo_id : int

ts : long
rt_ms Cint
uid . string (nullable)
sid . string (nullable)
ovr : array<string>
extra_json : record {
request ¢ string (nullable)

query_params : string (nullable)

Fig. 3. Avro schema for HAL

IV. Experimental Design

1. Experimental Infrastructure
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Table 2. Experimental node configuration

Node Role vCPU RAM
Log Collection
Node Logstash (Producer) 2 8 GB
Messaging Node | Schema Registry, Kafka 4 16 GB
Storage Node Kafka Connect 8 32 GB
(Consumer)

Table 3. Software configuration

Node Version
Logstash 7.17.29

Apache Kafka 3.7.1

Kafka Connect 3.7.1
Confluent S3 Sink Connector 12.0.0
Confluent Schema Registry 7.5.12

Java (Logstash JDK) OpenJDK 11.0.30
Object Storage KakaoCloud (kr-central-2)

2. Dataset and Pipeline Workload
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Table 4. Nginx access log field composition

Category Field Description
timestamp Request timestamp
Core flat session_id Session identifier
fields user_id User identifier
request_time Response time (sec)
method HTTP method
endpoint Request endpoint
Combo status HTTP status code
target fields | server_protocol Protocol version
cZi?;Ert]iisge Response content type
request Raw request string

remote_addr

Client IP

http_referer

Referrer URL

query_params

Query parameters

response_time

. product_id Product identifier
Extra fields
host Server host
body_bytes_sent Response bytes
upstream_

Upstream response time

http_user_agent

Client User-Agent
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Table 5. Pipeline workload parameters
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Parameter Value
Logstash Workers 2
Batch Size 125
JVM Heap (-Xms / -Xmx) 1,007 MB (1g)
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3. Variables and Measurement Methodology
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Table 6. Combo table configuration by HAL variant

Variant Combo fields Max table ID AlE il
range

2 (method, 3/4/5/7/| 5355% ~

HAL200 endpoint) 10/ 19 100.00%

HAL300 3 (+status) 3/5/10/ 45.03% ~

15 /20 / 56 | 100.00%
3/5/10/ | 45.03% -~
HAL400 | 4 (vprotocol) | 15" "0 ) a | 100.00%

5 3/5/10/ | 45.03% -~
(+content_type) 15/ 20/ 64 100.00%

HAL500
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Table 7. Measurement methods by dependent variable

Measurement tool and method
Lightweight shell script

Dependent variable
Total / transform

/ load time (sleep 5 + Kafka offset grep)
Peak MPS Tlmestamp—cprrectgq MPS
script (1s polling, divided by
/ Avg MPS
elapsed nanoseconds)
Logstash Node Stats API
CPU usage (process CPU field)
Kafka avg. kafka-log-dirs.sh
message size (topic size / message count)
MBPS Kafka avg.

message size X Avg MPS
S3 object storage size
(direct query)
Logstash Node Stats API
(/node/stats/jvm)

Parquet size

JVM heap usage
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Validation
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V. Results and Analysis
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1. Transmission Efficiency by Combo Field Count
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Fig. 4. Transmission efficiency by combo field count (hit ratio = 100%)
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Fig. 5. Performance variation by hit ratio (HAL500)
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3. Transform Cost and Resource Usage
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Fig. 6. Time composition by HAL variant (hit ratio = 100%)
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APPENDIX

Table A1. Full benchmark results by HAL variant and hit ratio

Variant Hit (%) Kafka (B) Load (s) Transform (s) Total (s) MBPS (MB/s) | Parquet (MB)
Avro-only - 333.46 25.84+1.38 40.78+1.39 66.62+1.53 3.89 14.02
53.55 317.81 22.87%£1.60 47.42+£1.18 70.29+£1.98 3.52 13.94
63.60 316.32 23.56%+2.11 49.17+£1.82 72.73+£1.72 3.43 13.88
HAL200 71.60 314.97 22.57+1.37 49.67+1.18 72.24+2.07 3.45 13.75
82.60 313.44 22.39+1.32 48.02+0.98 70.41+£1.37 3.52 13.66
91.38 312.05 21.51£1.36 48.32+2.11 69.831£2.29 3.48 13.55
100.00 310.57 21.33+£1.03 48.92+1.83 70.26+2.07 3.51 13.42
45.03 320.88 23.25+1.73 50.71£1.54 73.96+2.03 3.57 14.41
59.84 317.93 21.65+1.33 49.88+1.04 71.53+1.45 3.42 14.27
HAL300 77.84 314.98 22.42+1.23 50.27+0.61 72.69+1.35 3.32 13.93
87.92 312.97 21.32+0.44 4931+£1.54 70.63+£1.58 3.43 13.69
94.30 311.72 21.35%+1.18 49.21+£1.62 70.56+1.64 3.46 13.62
100.00 310.59 20.78+0.57 49.32+1.30 70.11+£1.64 3.48 13.48
45.03 315.85 22.75%1.61 49.68+1.20 72.43+1.89 3.47 14.41
59.84 311.54 20.78%+1.72 49.62+1.45 70.41£2.21 3.49 14.29
HAL400 77.84 306.96 20.84%1.26 4958+1.22 70.42+1.27 3.50 14.01
87.92 304.05 19.70+0.82 49.94+1.09 69.64+£1.11 3.36 13.72
94.30 302.27 20.17£1.00 48.68+1.02 68.85+0.53 3.46 13.57
100.00 300.56 19.21£0.70 49.20+0.71 68.41£0.72 3.28 13.48
45.03 305.10 20.79£1.32 48.69+1.04 69.48+1.66 3.47 14.56
59.84 298.26 19.33£0.45 49.32+0.85 68.65+£1.06 3.47 14.42
HAL500 77.84 289.82 19.16%0.64 48.81+£0.82 67.97+£1.37 3.24 14.09
87.92 285.20 19.09+£1.00 48.96+0.92 68.04+£0.91 3.20 13.70
94.30 282.25 18.68+0.36 48.02+2.61 66.70£2.40 3.27 13.52
100.00 279.60 19.48+0.87 47.45+0.72 66.93+£0.55 3.23 13.35




